In three cases the median and ulnar lnerves were explored at the same operation.
It must, of course, be remembered that a considerable proportion of the nerve injuries of civil life do not reach the operating theatre. This applies more especially to many of the lesions associated with fractures, and to the great majority of traction lesions of the brachial plexus both in the infant and in the adult. The series quoted above (Tables I and II) represents on the whole the more severe types of nervelesion, in which some form of operative repair has been considered necessary. It will be seen that the series does not cover the complete repertoire of peripheral nerve operations. In the first place there are no operations for facial palsy, the treatment of which lies outside my special field. I have also omitted from the series the few cervical rib operations which I have done during the same period. With these reservations, the 89 operations may be regarded as fairly representative of the field of peripheral nerve surgery. 
Proceedings of the Royal Society of Medicine
Clinical types of nerve injury.-The nerve lesions of civil practice are produced by a variety of causes, and in consequence the clinical problems thus presented differ very widely. I propose to confine my attention to three clinical groups.
GROUP I.-NERVE INJURIES ACCOMPANYING FRACTURES AND DISLOCATIONS
In the compound injuries of warfare, and to a lesser extent in the corresponding injuries of civil life, the coincidence of a fracture and a nerve lesion excites little surprise. In simple fractures, peripheral nerve complications are uncommon, and when they occur, may appear somewhat unexpectedly. The signs of nerve involvement not infrequently become fully established only during the early weeks following the injury. In such circumstances the methods used in treatment of the fracture may be open to serious criticism. The subject of dual injuries is far too extensive to be discussed in great detail. I have therefore selected a number of clinical types which illustrate the more important factors concerned in prognosis and treatment.
(1) Dislocations and Fracture-dislocations of the Shoulder-joint Apart from circumflex palsy nerve complications in dislocations and fracturedislocations of the shoulder are undoubtedly rare. Although it is well known that clumsy and unskilful manipulation during attempts at reduction may be responsible for such complications, the nerve-lesions encountered in actual practice are usually unavoidable.
(i) Circumflex palsy is seen in about 5% of all subcoracoid dislocations. reduced promptly and efficiently in the ordinary routine of a large casualty department and fracture clinic. The nerve-lesion is a traction injury produced simultaneously with the dislocation. As the head of the humerus is thrust downwards towards theaxilla the nerve is suddenly over-stretched but is rarely, if ever, completely ruptured. In the majority of the circumflex lesions, with appropriate relaxation and reeducation complete recovery from the resulting deltoid palsy takes place within three or four months. Even the slighter forms of deltoid paresis prolong the incapacityperiod far beyond that of the ordinary shoulder-joint dislocation-a consideration of economic importance. In exceptional cases incomplete recovery in the deltoid may be seen after many months of treatment. Total and permanent paralysis of the deltoid, indicating complete rupture of the nerve, is fortunately almost unknown, and, for practical purposes, such a lesion must be regarded as beyond repair.
(ii) Infraclavicular plexus trunk involvement.-It is generally taught that damage to one or more of the infraclavicular plexus trunks may be sustained either at thetime of the dislocation (a primary lesion), or may develop later in an unreduced dislocation or fracture-dislocation of some days' or weeks' standing (a secondary lesion). In my own experience of this complication I have found that the nervelesions almost invariably date from the moment of the joint injury, and that when the nerve-trunks have escaped initial damage the continued presence of the dis-located head in the axilla does not necessarily, or even commonly, set up a compression neuritis. I have also been impressed by the association of comparatively serious. nerve-lesions with dislocations which presented no difficulty in reduction.
The full effects of a severe infraclavicular plexus lesion are rarely demonstrableduring the first week. The more spectacular wrist-drop not infrequently masks, for a time, a co-existing palsy of the intrinsic muscles of the hand. Of the three secondary plexus trunks-the outer, inner, and posterior cords-the first most often escapes injury. The typical clinical picture in the early stages usually indicates the presence of (a) a combined lesion of both posterior and inner cords, or (b) a lesion limited either to the inner or to the posterior cord. A posterior cord lesion is rarely overlooked, for the complete syndrome consists of a palsy of the deltoid, triceps, and extensor muscles of the forearm. An inner cord lesion is recognized by its crippling effects. 58 864
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Section of Surgery 865 on the hand-palsy of the intrinsic muscles (both median and ulnar supply), rigid clawing of the fingers, and the trophic changes characteristic of an irritative nervelesion. In addition there is a sensory loss in the ulnar area of the hand and the postaxial half of the forearm. The prognosis in primary lesions of the infraclavicular plexus trunks is not, on the wrhole, unfavourable. In posterior cord lesions complete recovery within periods of three to six months is the rule. The recovery time for the inner cord is much more prolonged, and in the majority of cases recovery always proves to be incomplete. But in spite of the persistence of some degree of intrinsic palsy, sensory loss, and contracture of the fingers, in a small group of patients examined some years after the injury I have been surprised to find very useful working hands. This experience of the results of conservative treatment has persuaded me that no advantage is to be gained from an exploration of the injured nerve-trunks in the early stage.
In the true secondar-y lesions associated with an unreduiced dislocation spontaneous recovery always tends to be inhibited owing to the strangling effects of the extensive scar-tissue which forms round the dislocated head. In such circumstances, I hold that the nerve-trunks should be freed Nithout delay, either by an open reduction or by excision of the hea,d of the humerus.
(2) Musculospiral Lesions in Fracturse of the Humernts Although the musculospiral nerve is most intimately related to the shaft of the hume us in its middle third, musculospiral palsy in fractures at this level is an infrequent complication. In my own fracture clinics the incidence is about 5%.
In birth fractures of the humerus it is interesting to observe that a transitory NNTist-drop is by no means an uncommon phenomenon, Musculospiral palsy may be seen either as a primary or as a secondary lesion.
Primary lesionsusually result from the direct impact of a bony fragment, andmay easily be produced by over-zealous and quite superfluous efforts to manipulate the fracture into mathematical alignment. Secondary lesions are due to the adherence of the nerve-trunk to a, projecting fragment or irregular bonv surface, and not to actual enclosure of the nerve in callus-as usually taught. In such surroundings the nerve-trunk, though at first intact, becomes gradually obliterated by dense cicatricial tissue.
Experience has shown that the majority of musculospiral lesions accompanying simple fractures are capable of undergoing spontaneous recovery. For this reason, it is sound practice to employ conservative methods of treatment over a period of three to four months. This applies more especially to the secondary lesions. If, after such a probationary period, the signs of a complete block still exist, the nerve should then be explored. In primary injuries it is justifiable to explore at an earlier date, if the radiographic findings suggest the existence of a grave lesion.
Of the four operations on the musculospiral nerve included in mv latest series (TableI), the one suture operation was a delayed repair of a complete anatomical *esion accompanying a compound fracture. The operation was carried out four months from the date of the injury, and twoyears later complete restoration of power in all muscles of the extensor group had taken place. The three neurolysis operations performed for incomplete lesions showing failure of recovery after four months' conservative treatment were followed by rapid return of function. These results are, of course, what past experience has led us to expect from the musculospiral nerve.
In civil practice massive destruction of this nerve, with the production of a gap too wide to be bridged, is very rare. In a period of twenty-three years I have had only two examples of such irreparable lesions. In both cases the classical tendon transplantation, used with such brilliant success for irreparable gunshot injuries, restored the lost function of extension of the wrist and digits.
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Although the elbow provides the majority of the dual injuries of bone and nerve, the incidence of nerve complications in fractures and dislocations in this region is, in actual fact, very low. The nerve-lesions in this group are almost exclusively seen in conjunction with fractures of the lower end of the humerus or subluxations of the elbow-joint. In fractures of the olecranon and upper end of the radius peripheral nerve involvement is almost unknown. The circumstances in which the three main nerve-trunks of the upper limb become liable to injury may be briefly reviewed.
(i) Ulnar lesions.-The special vulnerability of the ulnar nerve in the postcondylar groove is well recognized. The predominance of ulnar lesions is strikingly illustrated in the operation series in Table I . The lesions are invariably incomplete and in the majority of cases recover spontaneously under conservative tteatment.
In a minority the clinical picture of a severe progressive neuritis becomes established. For this, the special type of neurolysis operation involving transposition of the nerve to-the front of the elbow, is demanded. The factors concerned in the production of the nerve-lesions are most conveniently studied from a chronological standpoint. In this connexion three clinical types are usually digtinguished-(a) primary, (b) secondary, and (c) tardy lesions.
(a) Primary lesions occur most frequently in association with traction fractures of the internal epicondyle, the nerve being contused or stretched during forcible abduction of the forearm. A similar injury may occasionally accompany a supraco dylar fracture. In the ordinary type of epicondylar fracture with little or no displacement of the detached fragment the ulnar lesions are generally mild and recover completely without special treatment in a few weeks. A more severe form of traumatic neuritis is liable to be induced when'the internal epicondyle is torn off as part of a subluxation or complete lateral dislocation of the elbow-joint. In such cases the epicon'dyle may become wedged in the inner compartment of the joint and for the time being acts as a block to reduction. The already damaged nerve-trunk is then placed under conditions of excessive tension.
Inclusion of the epicondyle in the elbow-joint is a clinical entity which has received considerable attention in recent years. The incidence of this complication is illustrated in the following analysis made by my In the 22 examples of epicondylar inclusion the ulnar nerve showed evidence of primary damage in 17. In these the injured nerve was explored and transposed.
The majority of the operations were done during the first forty-eight hours as, in addition to the exposure of the nerve, it was necessary to extract the epicondyle from the joint. In two cases it was found that the nerve-trunk had entered the joint with the epicondyle.
In the epicondylar inclusions treated in my fracture clinicat during the past eighteen months the earlier recognition of this complication has made possible the more frequent replacement of the fragment by manipulation alone. Where manipulation has been successful it is an advantage to delay operation on the nerve for the following reasons: (1) The 'probability that the milder lesions may undergo spon-60 866 Section of Surgery taneous recovery. (2) Owing to the extensive [tearing of the common flexor muscle mass, it is difficult at this stage to provide an ideal intramuscular bed on the front of the elbow.
(b) Secondary lesions make their presence known some three or four weeks after the time of injury, and may be seen both in internal epicondylar and supracondylar fractures. The underlying cause is a disturbance of the normal relation between the nerve-trunk and its bed. Distortion of the post-condylar groove is usually the result of failure to replace a detached epicondyle or to correct lateral displacement of the lower fragment in a supracondylar fracture. In such circumstances the nervetrunk becomes less mobile, takes a slightly longer course, and becomes liable to over-stretching in energetic movements of flexion of the elbow-joint. These are the conditions which favour the onset of a friction neuritis. The use of forcible movements at this stage, whether active or passive, may be disastrous. In actual experience it has been found that the majority of secondary ulnar lesions have been precipitated by incompetent treatment of this kind.
In the mild forms of secondary neuritis recovery begins as soon as the elbow is put completely at rest. In the severe lesions anterior transposition of the nerve is. necessary.
(c) Tardy lesions-The syndrome of late ulnar palsy calls for no detailed description. It is sufficient to remember the three phases of the clinical picture: (a) A fracture of the external condyle in early childhood, which fails to unite, followed by the development of a cubitus valgus deformity; (b) a latent period which may extend over many years; (c) the insidious onset of the signs of ulnar neuritis in later life. It is in this special form of friction neuritis that the operation of anterior transposition has achieved some of its outstanding successes.
(ii) Median lesions.-Owing to its more protected situation the median nerve is. rarely implicated in elbow-joint fractures. The nerve-trunk is, however, occasionally impaled on the projecting lower end of the shaft in a supracondylar fracture with gross backward displacement of the lower fragment. Such primary lesions have, in my experience, generally been incomplete, and where the displacement has remained uncorrected the integrity of the nerve-trunk has been further jeopardized by scartissue strangulation. I have also seen additional injury result from unskilful manipulation in attempts to reduce the fracture and from the premature use of forced movements to hasten return of mobility in the elbow-joint. Median nerve injuries can, therefore, to some extent be prevented, or their gravity minimized, by the efficient handling of supracondylar fractures. In the mild lesions exhibiting a slight degree of nerve-block without irritative signs conservative treatment is sufficient. In the graver lesions early neurolysis is always desirable. The operation involves release of the nerve, trimming-off the bony projection, and the interposition of a muscle-flap or free fascial graft. The remote results of this procedure in my hands, in some half-dozen cases have been most satisfactory.
(iii) Musculospiral lesions are most exceptional complications of supracondylar fractures. The factors which may determine implication of this nerve are contusion or laceration by a bony fragment at the time of the fracture, adherence to the site of fracture, and--injudicious manipulation of the elbow-joint. The nerve-lesion is treated in accordance with general principles.
(4) External Popliteal Lesions in Ligamentous Ruptures of the Knee-joint (Fractures of the Styloid Process of the Fibula).
In extensive ruptures of the ligamentous structures on the lateral aspect of the knee, produced by powerful adduction of the legon the thigh, the external popliteal nerve may sustain most serious damage. These injuries are not very common, but during the last fifteen years I have operated on seven cases belonging to this interesting group of nerve-lesions. In two, a complete dislocation 61 867 Proceedings of the Royal Society of Medicine of the knee had been recognized after the accident. In one a delay of two hours before reduction was attempted and resulted in serious arterial block and ultimate *gangrene of the toes. The knee-joint in all cases showed the following combination of lesions on the outer side: (a) Avulsion of the biceps tendon from its fibular insertion; (b) detachment of the styloid process of the fibula, with upward displacement of a bony fragment of varying size; (c) a complete tear across the lateral capsule of the knee immediately above the level of the articular margin of the tibia. 'The external popliteal palsy was recognized in each case within a few days after the -injury, and the nerve was explored at intervals varying from two weeks to three years -from the date of the accident.
In five cases a complete anatomical lesion with a most extensive gap was dis--covered, and under conditions of extreme difficulty the operation of end-to-end -suture was carried out. Three of the operations were amongst the most difficult nerve repairs that I have ever encountered. The findings were most extraordinary and may be of considerable value for future guidance in cases of this type. In each case, after a prolonged search, the remains of the distal end of the nerve-trunk were disentangled from a block of scar-tissue on the front of the knee at the site of the old tear in the lateral capsule. From this region traces of a fibrous cord could be identified running backwards and upwards to become continuous with the proximal *end of the nerve in the lower third of the thigh. It was evident that the nerve-trunk had been actually dragged into the outer compartment of the knee-joint, either at -the moment preceding its rupture or immediately afterwards. In one case the wedge of scar-tissue projecting into the joint also contained a bony ossicle representing the fibular styloid. This comparatively rare injury is exactly comparable to the more familiar inclusion of the internal epicondyle in the elbow-joint.
The results of the five suture operations were as follows: (a) Two were complete failures and there were no convincing signs of regeneration at the end of three years. One of these belonged to the small group of the three most difficult sutures. (b) Three patients showed useful recovery of motor and sensory function. In one, an army -officer, the recovery could be described as perfect. This was one of the three difficult sutures, but the nerve repair was carried out ten days from .the time of the rupture. An almost complete recovery, judged from a neurological standpoint, was obtained -in the remaining difficult suture. In the third case, in which a suture was performed three years after the date of injury, the recovery consisted in the return of feeble -power in the anterior tibial muscles, and imperfect return of sensation.
In the upper limb injurie~of nerve-trunks due to penetration of sharp particles -are rarely encountered above the level of the lower third of the forearm. It is a surgical commonplace that division of either the median or the ulnar nerves is often complicated by division of neighbouring flexor tendons. It should constantly be impressed upon hospital casualty officers that either of these important nerves may be completely divided through a tiny wound; and that in all penetrating wounds in the lower half of the forearm a careful test of (a) median and ulnar nerve function, and (b) flexor tendon function, should be made. If this routine were followed, few median injuries, at least, would-be overlooked.
There is little to be said about the technique and prognosis of primary -and secondary nerve suture for division of the median or ulnar nerves. When the accidental wound is small and appears to be reasonably clean, primary suture may be practised with safety, and an appropriate tendon repair carried out at the same sitting. This procedure was followed in 12 operations in the series in Table I . It is -essential that the sutured nerve should be shut off from direct contact with the area -of the tendon repair. In more extensive wounds with widespread bruising and multiple tendon injuries-, 62n '868 63 Section of Surgery 869 and in wounds in which infection has already secured a hold partial or complete failure of regeneration after primary suture is almost inevitable. In such circumstances it is better to postpone repair of the nerve-lesion until the wound conditions are more suitable.
The results of the repair of civil nerve injuries due to penetrating wounds were clearly stated some thirty years ago by Sherren, and more recent experience has added little to our knowledge in this respect. In primary sutures performed under ideal wound conditions complete recovery of motor power, and recovery of protopathic sensibility at least, is to be expected. In secondary sutures partial or complete motor recovery with imperfect restoration of sensation has been the rule.
Nerve injuries in the lower limb following penetrating wounds are rare. One of the external popliteal sutures in the series in Table II (2) the traction lesions of the adult (or older child), produced most commonly under the conditions of road accidents.
(1) Birth Palsy
The clinical and surgical problems connected with obstetrical palsy have been most carefully studied during the past twenty years, owing to the large amount of material available in hospital clinics. It is well known that the majority of cases show spontaneous recovery of varying degrees in the first few months. In a fewrecovery takes place rapidly and complete voluntary power returns in the affected muscle groups. Such limbs may ultimately show no blemish of any kind. Imperfect recovery is, however, the rule, with defective growth of the limb, and a tendency to the development of contractures of the shoulder and forearm which in the great majority of birth-palsies are chiefly responsible for the residual disability. The evidence drawn from clinical experience and from a study both of experimental plexus lesions on the cadaver and of operation findings, has persuaded the majority of surgeons called upon to deal with this disability that operations on the plexus have little or nothing to offer. It is true that from time to time exceptional results have been seen following the repair by suture of circumscribed lesions. This has led to the advocacy of more frequent exploration of the plexus. My own views on this question have changed from time to time. In the past twentytwo vears some 300 cases of obstetrical palsy have come under my observation. In only 10 of these have I felt impelled to explore the plexus. Of the 10 operations three consisted of the repair of localized lesions, namely, (a) resection and suture of the upper trunk in twi-o cases; (b) a resection and suture of all three supraclavicular trunks in a third case. In the upper-trunk sutures a partial recovery in the function of the upper-arm group of muscles occurred, and in the total plexus repair there was excellent recovery in the upper-arm group, but complete failure of recovery in the lower-arm group. The operations were done on infants under the age of one year, i.e. within the recovery period for plexus lesions, and I am not convinced that they conferred any material benefit on the limb. In the remaining seven operations nerve-trunks, barely recognizable but obviously intact, were disentangled from scar-tissue, or irreparable lesions were disclosed. I am also bound to admit that the effects of the neurolysis in these cases was negligible.
(2) Traction Lesions in the Adult The plexus lesions in the adult tend to be much more severe than those of the newborn infant. In the latter the over-stretching of the nerve-trunks during MAY-SURG. 2 * Proceedings of the Royal Society of Medicine delivery is a more gradual process, and the chief damage is often confined to the upper roots or upper trunk at the level of Erb's point. In the special circumstances of road accidents the traction force applied to the plexus is always sudden, and is often immensely powerful. In a considerable number of cases all three nerve-trunks are involved with the lesions concentrated at different levels. Apart from the initial rupture of nerve-fibres the widespread fibrosis which develops within and around the nerve-sheaths effectively blocks the downgrowth of a sufficiency of regenerating axons.
We must admit with reluctance that the majority, of these lesions are not amenable to surgical repair, and in a number of cases the lesions are completely inaccessible. But, as in obstetrical palsy, the opportunity occasionally arises for the repair of a circumscribed lesion of one or more trunks. Such a consideration brings up the much-debated question of the rationale of early exploration in the treatment of plexus injuries.
My own experience has convinced me that such a procedure is sometimes justifiable but that its main value lies not in the chances of effecting repair-which will be exceptional-but as an aid to diagnosis of the extent of the lesion. Thus, in one recent plexus operation performed within ten days from the time of the injury I was able to establish the presence of a complete avulsion of both the upper and middle trunks at the level of the intervertebral foramina-i.e. irreparable lesions. This information enabled me to decide that the long period of splinting of the upper limb in abduction, which most1 adult patients with plexus injuries find extremely irksome, would be a waste of time. We were able then to concentrate on a special programme of physical treatment of the forearm and hand in which considerable recovery of function ultimately occurred.
Late operations on the plexus, where recovery is absent or delayed, are also of very doubtful value, although some improvement may occasionally follow a neurolysis in which the injured nerve-trunks have been effectively mobilized. A clean sweep of all perineural scar must be made, and an essential step is the free excision of the fibrous remains of the scalene muscles. I find that I have operated on 16 of the 70 plexus injuries of which I have detailed records:-(1) Eleven of the operations were classified as neurolyses, or were explorations which revealed irreparable lesions.
(2) Five were sutures at various levels (a) Upper trunk (Erb's point).
(c) Upper and middle trunks. (b) Fifth root (above Erb's point).
(d) Lowest trunk. (e) Upper, middle, and lower trunks. In two cases (the suture of the upper trunk, and the suture of the upper and middle trunks) useful recovery was seen in the upper-arm group of muscles at the end of a year. These results are not inspiring, but they suggest that there is a very small group of lesions in which a limited repair may occasionally be of practical value.
Sir Robert Stanton Woods
An electrical examination is of no assistance in the early days following a supposed injury to a peripheral nerve. Were it not for the fact that statements to the contrary are still made, I should not have thought it necessary to emphasize the fact that, even after complete anatomical division of peripheral motor neurones, we cannot expect diagnostic alteration in the electrical behaviour of muscle earlier than about the tenth day.
I would say here quite definitely also that electrical reactions give indications merely of interference with the functions of excitability and conductivity. Even 64 870 Section of Surgery complete reaction of degeneration conveys no definite indication of the severity of the anatomical lesion or, in my experience, of its nature.
Before attempting an analysis of normal and abnormal action phenomena, as displayed by skeletal muscles when these are stimulated by electrical currents, we ought first to have a clear comprehension of what these phenomena are.
When a normally innervated skeletal muscle contracts as the result of an electrical stimulus, the stimulus is conveyed along motor nerve-fibres to the end-plates, whether the stimulating electrode is applied to the nerve or is placed directly on the muscle itself. The most effective point for the application of the stimulus, therefore, is that area overlying the muscle which corresponds to the entry into it of the motor nerve-the so-called " motor point ". The precise nature of the tissue change which acts as a stimulus has not been determined, but we may, for purpose of argument, assume that this is a sudden displacement, and consequent accumulation, of ions. At any rate, the resulting phenomena would be explicable on these grounds. In order to act as a stimulus, this displacement-accumulation must satisfy two requirements: (1) It must be sufficient in degree, and (2) it must conform to certain time relationships.
Thus, a constant (or direct) current may rise to an intensity far in excess of the liminal intensity for causing a contraction without causing this, if the increase in strength has been a slow one. As we know, during the passage of a current of unvarying intensity no visible contraction occurs. If, now, the current suddenly ceases, provided again that it had attained a sufficient strength, or if there occurs a fall in strength of sufficient depth and rapidity, another contraction occurs. Both these contractions are brisk, i.e. the shortening in length of the muscle is quick and is followed by an almost equally rapid relaxation. A sudden reversal acts in the same way as a break (with an immediately succeeding rise). If these shocks are sufficiently rapidly repeated, the effect is a sustained " tonic " contraction or " tetanus " A voluntary contraction is a " tetanus ".
Here we have the whole essence of normal responses: (1) The response to the make or break of a direct current is a very rapid contraction succeeded by an equally rapid relaxation.
(2) A sustained tetanus during the whole time of exposure to faradic stimulus.
(3) The optimum skin point of stimulation is the " motor " point. (Here let me point out the contradiction in terms involved in the expression "brisk faradic response ".) In what respects do we find deviation from this syndrome? Before proceeding to deal with this question, I should like to state emphatically that characteristic, abnormal responses are found only in connexion with lower motor lesions; upper motor lesions do not provide characteristic responses. The only possible exception to this dogmatic statement is the so-called myasthenic reaction. This I have never been able to demonstrate and, indeed, I have always entertained with regard to it the suspicion that its description has been based upon theory rather than upon observation.
There are three main essentials in which the results of electrical stimuli applied to muscles and nerves, in conditions of injury or disease of lower motor neurones, differ from those just detailed. First, no contraction is produced if the stimulus applied is a faradic one. Secondly, the contraction process which follows upon the make or the break of a direct current, instead of being a quick muscular twitch which occupies a small fraction of a second, occupies an appreciable interval of time, perhaps one second or even longer (" sluggish contraction "). This, in turn, is succeeded by a still more prolonged period during which the contraction is very slow and deliberately subsiding (" sluggish relaxation "). The third point of difference is the phenomenon known as " longitudinal response " erroneously named " tendon response ". Instead of the " liminal " stimulating site (motor point) being the point of entry of the nerve, this is no longer the case. Frequently it is stated that now the "motor point " has shifted to the tendon; hence the expression " tendon response ". The 65 871 872 Proceedings of the Royal Society of Medicine 66 facts are that in the reaction of degeneration the earliest contraction, i.e. the contraction produced by the smallest intensity of current, occurs when the whole length of the muscle is included in the current path. The explanation of this longitudinal response is interesting, because it has a bearing also upon the reason for the sluggish nature of the contraction and relaxation following upon direct current stimuli. With the indifferent electrode lying proximally, and the active one on what was the motor point of a now denervated muscle, the stimulus is largely confined to those muscle-fibres which lie between the two electrodes, whereas, with an electrode lying at each end of the muscle, the stimulus is applied to its whole length and therefore a much larger number of muscle-fibres is excited. A similar explanation possibly applies to the sluggish nature of the direct current response. In a healthy musclenerve organ the stimulus, wherever applied, is conveyed to all the muscle-fibres by nerve-tissue and therefore practically simultaneously. With a denervated muscle, the fibres, which of course are stimulated directly, probably do not receive the stimulus simultaneously and therefore do not contract simultaneously, thus there is a more sustained contraction and a consequently prolonged relaxation. In all probability, however, the contraction phenomenon in the individual fibre in such a muscle is itself a more sustained or prolonged one, because, when the stage of sluggish contraction has been reached, there is a degree of actual muscle degeneration present.
(So-called " polar reversal " is now hardly ever considered in any discussion of the behaviour of muscle under electrical stimulation.)
At one end of the scale, then, there are normal responses; at the other, the reaction of degeneration. Between these extremes there are many combinations of responses -varying degrees of excitability by faradism down to inexcitability, in different combination with varying degrees of slowness of direct current response. Many efforts have been made to graduate reactions in accordance with the degree of severity of the nerve-lesion. The present situation with regard to such possibility will be understood if we consider the physiological explanation of the syndrome of the reaction of degeneration-a consideration which will also bring to light clinical features of great interest.
Sluggish response and longitudinal response are, in this connexion, merely phenomena to be noted. Being purely qualitative differences, they are, therefore, not likely to lead to quantitative analysis of degree of lesion, although in themselves they are valuable guides. The point of difference between muscles with intact nerve-supply and those without nerve-supply which concerns such an inquiry as that suggested, is their relative behaviour towards faradic and direct current stimulation. The most important experimental work upon this question has been done within the last twenty years; and, in so far as concems its somewhat limited bearing upon clinical investigation, is largely due to the painstaking research of Dr. Adrian in this country.
The outstanding difference between the faradic and the direct currents, from the point of view of such investigation, is neither the intensity of current which is ultimately attained in applying a stimulus, nor the fact that, whereas one is a simple make or break, the other is a rapidly repeated series of these. From the point of view of stimulating effectiveness, one single alternation of a faradic stimulus has an effect identical with that of a tetanizing current.
The important item of difference lies in the length of time the stimulus lasts or rather, in the duration of the effective strength of the stimulus. As we have already seen, a current to be effective must conform to two requirements. It must (a) attain a certain minimal intensity and (b) conform to certain time relationships. However strong, the current will not excite if its duration falls below a certain minimum; and its strength cannot be reduced below a certain level, however much its duration may be prolonged. For all durations which are long compared with the minimal duration, the strength of current required to excite remains constant at its 67 Section of Surgery 873 minimal value. As the minimal duration is approached, the strength must be increased and the increase becomes more and more rapid as the duration is reduced. These requirements can be expressed in a curve-the strength-duration curve.
The intensity cannot be increased nor can the duration be reduced indefinitely, but for every excitable tissue the excitability can be expressed in such a curve and may be defined by two factors, viz. the rheobase and the chronaxie. The former name is given to the strength of current required to excite when its duration is infinite; the " chronaxie " is the name given to the duration (somewhat arbitrarily chosen) at which the current must be increased to twice its minimal strength or rheobase.
The chronaxie is constant for the same tissue examined under similar conditions of temperature, &c.; it shows very great variations from one tissue to another. The chronaxie of nerve and of muscle is, then, an expression of the electrical excitability of the two tissues with which Ne are concerned, varying hardly at all from one healthy skeletal muscle to another, but very widely under different conditions of health and degeneration. The chronaxie of healthy nerve, or of healthy human muscle with intact nerve, is of the order of 1/10 ms. ; that for muscle whose nerve has degenerated is of the order of 10 ms. [1 ms. = *001 second.] Now Adrian and others have pointed out that a single element of the faradic current has an effective duration of the order of 1 ms., whereas the duration of a galvanic (or direct) current, when the circuit is made and broken by the hand, is of the order of half a second. The latter stimulus will therefore last long enough to excite both healthy muscles and those with degenerated nerve-supply; whereas the faradic stimulus will excite only those with a comparatively short chronaxiehealthy muscle. Can this type of experimentation, so elaborate as to be almost limited to the physiological laboratory, afford any guide to the severity of the lesion or an answer to the question whether the nerve is degenerating or recuperating ?
To decide whether electrical testing can help in these respects it is necessary briefly to consider the character of the strength-duration curve for healthy muscle and for muscle whose nerve has degenerated. Put very briefly: The strengthduration curve of healthy muscle is of certain highly characteristic and constant type, wrhilst that of muscle whose nerve has completely degenerated is equally constant and characteristic, but totally different from the former. Adrian interprets these as being the curves of nerve and muscle respectively (though this view is not universally accepted). He points out that the only essential variation in character from one or other of these two types which is found during the degenerative process or during recovery is a compound curve or rather two curves-one resembling that of nerve (short chronaxie) and the other that of muscle (long chronaxie) ; there is never a curve showing a chronaxie half way between these two. It is inferred therefore that electrical reactions give evidence of (1) excitable nerve-fibres, and (2) denervated muscle. There is no gradual transition from one type of curve to another, no third type of curve indicating a half-way stage in nerve recovery; and Adrian therefore concludes that electrical reactions must play an extremely subordinate part in prognosis and in diagnosis of severity. It appears to me that this view greatly underrates the value of his own experimental work and of that of others. At present such methods are too technical and complicated to be clinically practicable. The conclusions, however, make a considerable advance in our understanding of muscle-nerve phenomena. With respect, too, I would venture to suggest that here again is another instance of the necessity for extensive clinical application of what are as yet largely experimental observations. With regard to statements that an electrical examination elicits few, if any, facts unobtainable by other neurological tests, I entirely disagree. There is, for example, the obvious fact that the only positive proof of the hysterical nature of a paralysis is the muscle-response to electrical stimulus and that, by this means, not only may an hysterical paralysis be definitely proved to be such but, in a paralysed Proceedings of the Royal Society of Medicine limb, the organic and the functional can be accurately segregated. Muscle-testing, too, will differentiate between muscles which fail to function owing to pain, and those which are affected by a lower motor lesion. An accurate mapping-out of responses may, again, decide upon the level of the lesion. For example, this will help to distinguish between a paralysis of the circumflex nerve and one of the fifth root.
I entirely disagree, also, with the pure physiologist when he dogmatizes with regard to the usefulness of electrical stimuli being confined to the faradic coil. One has proved repeatedly the truth of Lewis Jones's contention that any deviation from the completely developed reaction of degeneration is important and that a sluggish response to direct current stimulus is diagnostic of a lower motor lesion even in the presence of excitability by faradism, just as a brisk response to direct current stimulus, occurring concomitantly with absence of faradic excitability, indicates the existence of functioning lower motor neurones.
No investigation of a lower motor lesion, then, is complete without an accurate account of (1) skin and other sensibility, (2) voluntary muscular control, and (3) electrical responses of all relevant muscles by all the means that are clinically practicable. It is obvious that a comparison of the results of repeated observations is likely to afford valuable evidence with regard to progress.
Mr. F. H. Bentley said that the result of experiments in nerve-anastomosis in animals was to emphasize the obstructive effects (on the passage of nerve-fibres) of the intraneural scar that forined in a nerve-suture line. This scar-formation was greatly increased by any slight inaccuracy of approximation or by invasion of the nerve by the sutures at operation, with corresponding reduction in the number of fibres reaching the distal segment of nerve. In order to permit the maximum number of fibres to reach the distal end of the nerve the intraneural scar must be reduced to a minimum, and therefore extreme accuracy of approximation was an essential condition in a nerve-suture operation. In histological sections of the experiments performed it was apparent that fine silk sutures produced very little connective tissue reaction.
In experiments in grafting the limb nerves in the cat, carried out by Dr. Hill and himself, it had been shown repeatedly that an autogenous graft 3 cm. long, and of equal calibre with the recipient nerve, would bridge successfully a corresponding nerve-gap. The results reported in man were not so satisfactory, and the only nerve-grafting to be conducted with success was that of the facial nerve, after the manner of Ballance-Duel. The reason for this success lay partly in the accuracy of approximation of the ends of graft and nerve, facilitated by the bony bed in which they lay, but was due largely to the use of a graft of approximately the same calibre as the facial nerve.
The problem in grafting limb nerves was to obtain a graft of suitable size in order to secure an accurate approximation. As there was, obviously, no nerve available, this graft could only be obtained by using multiple strands of cutaneous nerve, and the experiments in nerve anastomosis suggested that the necessary degree of accuracy in approximation could not be obtained in this way, and that a completely obstructive scar would result.
The only logical possibility therefore was to use a graft of appropriate size taken from another individual, i.e. from a cadaver. In the cat such homeografts 3 cm. long were successful in bridging a nerve-gap, though not as readily successful as the autogenous grafts, since the homeografts were subject to considerable connectivetissue invasion by the host tissues. In the absence of direct experimental findings it was therefore doubtful whether regeneration would take place through long homeografts such as would be required in man.
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